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1
SILICONE COMPOSITE PARTICLE AND A
METHOD FOR PREPARING THE SAME

CROSS REFERENCE

This application claims the benefits of Japanese Patent
application No. 2013-094146 filed on Apr. 26, 2013, the
contents of which are incorporated by reference.

The present invention relates to a silicone composite par-
ticle and a method for preparing the same.

BACKGROUND OF THE INVENTION

Various spherical silicone particles have been used in order
to provide a non-sticky or smooth feeling or extensibility to
cosmetics. For instance, Japanese Patent Application Laid-
Open No. Sho63-297313 describes cosmetics containing
polymethylsilsesquioxane powder, Japanese Patent Applica-
tion Laid-Open No. HO8-12524 describes makeup cosmetics
containing spherical silicone rubber powder and Japanese
Patent Application Laid-Open No. H09-20631 describes cos-
metics containing composite silicone powder composed of
spherical silicone rubber microparticles covered with a poly-
organosilsesquioxane resin. These silicone rubber particles
and the particle composed of spherical silicone rubber micro-
particles covered with a polyorganosilsesquioxane resin pro-
vide a soft feeling, in addition to the aforesaid feeling, to
cosmetics.

Makeup cosmetics such as a foundation, containing sili-
cone particles provide an effect of natural finish without arti-
ficial gloss, i.e. soft focus effect, to cosmetics. For instance, in
the cosmetics obtained in the method described in Japanese
Patent Application Laid-Open No. H09-2063, the polyorga-
nosilsesquioxane covering the silicone particles has a particle
diameter of approximately 100 nm. The polyorganosilsesqui-
oxane also scatters light to provide a high soft focus effect to
cosmetics.

Further, it is known to provide many convexes or concaves
on a surface of silicone particles or making a shape of silicone
particles non-spherical to improve a light scattering property.
Japanese Patent Application Laid-Open No. 2004-359592
describes spherical polyorganosilsesquioxane particles hav-
ing a projection on its surface. Japanese Patent Application
Laid-Open No. 2000-191788 describes spherical organosili-
cone microparticles having many dents on its surface. Japa-
nese Patent Application Laid-Open No. 2011-1537 describes
organosilicone microparticles having a hollow spindle shape
with plural concaves on its surface. Japanese Patent Applica-
tion Laid-Open No. 2011-57785 describes deformed organo-
silicone microparticles having a hexahedron or polyhedron
shape with each face being concave. WO 2011/074066
describes organosilicone microparticles which are spherical
asawhole, and have, on its surface, plural indefinite faces and
a protruded network structure surrounding the indefinite
faces. WO 2011/111179 describes organosilicone micropar-
ticles which are tetrahedral as a whole and have concaves with
a generally circular periphery on each face of the tetrahedron.

PRIOR LITERATURES
Patent Literatures

[Patent Literature 1] Japanese Patent Application Laid-Open
No. Sho63-297313

[Patent Literature 2] Japanese Patent Application Laid-Open
No. H08-12524
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[Patent Literature 3] Japanese Patent Application Laid-Open
No. H09-20631

[Patent Literature 4] Japanese Patent Application Laid-Open
No. 2004-359592

[Patent Literature 5] Japanese Patent Application Laid-Open
No. 2000-191788

[Patent Literature 6] Japanese Patent Application Laid-Open
No. 2011-1537

[Patent Literature 7] Japanese Patent Application Laid-Open
No. 2011-57785

[Patent Literature 8] WO 2011/074066

[Patent Literature 9] WO 2011/111179

SUMMARY OF THE INVENTION

However, the aforesaid polyorganosilsesquioxane par-
ticles and organic silicone microparticles are resinous hard
materials and, therefore, cannot provide soft feeling to cos-
metics. In recent years, it is becoming important that makeup
cosmetics such as foundations provide inartificial natural fin-
ish, i.e. bare skin-like feeling. Therefore, it is desired to pro-
vide a higher light scattering effect by silicone rubber par-
ticles.

One of'the purposes of the present invention is to provide a
silicone rubber particle having a higher light scattering prop-
erty which particle is expected to provide makeup cosmetics
such as foundations with a higher soft focus effect, and a
method for preparing the same.

The present inventors have made research and found a
novel silicone composite particle composed of a silicone rub-
ber particle having plural dents on its surface and a polyor-
ganosilsesquioxane which adheres to the surface of the sili-
cone rubber particle, and a method for preparing the same.

Thus, the present invention provides a silicone composite
particle composed of a silicone rubber particle and a polyor-
ganosilsesquioxane, wherein the silicone rubber particle has
plural dents on its surface and said polyorganosilsesquioxane
adheres to the surface of the silicone rubber particle.

Further, the present invention provides a method for pre-
paring the silicone composite particle comprising steps of
subjecting organotrialkoxysilane to hydrolysis and conden-
sation reactions in the presence of water, an alkaline sub-
stance, and a silicone rubber particle containing therein a
liquid to thereby have a resultant polyorganosilsesquioxane
adhered to the surface of the silicone rubber particle, and
subsequently removing the liquid.

The present silicone composite particle is expected to have
a higher light scattering effect.

BRIEF EXPLANATION OF THE DRAWINGS

FIG. 1 is an electron microscope image of a surface of the
silicone composite particle obtained in Example 1.

FIG. 2 is an electron microscope image of a surface of the
silicone composite particle obtained in Example 2.

FIG. 3 is an electron microscope image of a surface of the
silicone composite particle obtained in Comparative
Example 1.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described below in detail.
[Silicone Composite Particle]

The present invention provides a silicone composite par-
ticle composed of a silicone rubber particle and polyorga-
nosilsesquioxane. The present invention is characteristic in
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that the silicone rubber particle has plural dents on its surface
and the polyorganosilsesquioxane adheres to the surface of
the silicone rubber particle.

Silicone Rubber Particle

The silicone rubber particle preferably has a volume-aver-
age particle diameter of 0.5 to 100 um, more preferably 1 to
40 pm. Ifthe volume-average particle diameter is less than the
aforesaid lower limit, the silicone composite particles
obtained have a higher tendency for agglomeration. It is not
easy to disperse the agglomerated particles into primary par-
ticles. Further, the agglomerated particles give cosmetics a
less non-sticky feeling. If the volume-average particle diam-
eter is larger than the aforesaid upper limit, non-sticky feeling
and smoothness of cosmetics decrease and rough feeling
appears. A method for determining the volume-average par-
ticle diameter is selected depending on a particle diameter of
the silicone composite particle. When the particle diameter is
1 pm or more, an electric resistance method is used. When the
particle diameter is less than 1 pum, a laser diffraction-scatter-
ing method is used.

The silicone rubber particle has plural dents on its surface.
The shape ofthe dent may be any of a part of spherical surface
and a polyhedron. In the present method described below,
polyhedral dents are mostly formed, rather than dents of a part
of spherical surface. The polyhedron here may be a convex
polyhedron whose all interior angles are less than 180 degrees
or a concave polyhedron whose at least one interior angle is
larger than 180 degrees. The number of the dents is at least
two, preferably three or more, per silicone rubber particle. If
the number of dents is less than two, a high light scattering
effect is not expected. The upper limit of the number of the
dents is not limited to any particular one, but generally
depends on a size of the silicone rubber particle and a longest
diameter of the dent. The longest diameter of the dent is
preferably 100 nm or more, more preferably 200 nm or more.
If the longest diameter is shorter than 100 nm, a higher light
scattering effect is not expected. The upper limit of the long-
est diameter depends on a surface area of the silicone rubber
particle, but is not limited to any particular one. When the
silicone rubber particle has more dents on its surface, the
longest diameter of the dent tends to be shorter and the shape
of the silicone rubber particle is nearly spherical. When the
silicone rubber particle has a fewer dents on its surface, the
longest diameter of the dent tend to be longer and the silicone
rubber particle is mostly of a indefinite shape. The shape of
the present silicone rubber particle can be confirmed by
observation with an optical microscope or an electron micro-
scope. The shape, the number and the longest diameter of the
dents on the particle surface can be confirmed by observation
with an electron microscope.

The silicone rubber which constitutes the silicone rubber
particle is preferably non-sticky and has a rubber hardness of
510 35, more preferably 10 to 30, as determined with a Type
A durometer in accordance with the Japanese Industrial Stan-
dards (JIS) K 6253. If the rubber hardness is less than the
aforesaid lower limit, the silicone composite particles
obtained has a tendency for agglomeration and do not easily
disperse to become primary particles and, further, a non-
sticky feeling of cosmetics decreases. If the rubber hardness
is larger than the aforesaid upper limit, a silicone composite
particle having dents cannot be obtained in the present
method described below.

The silicone rubber is particularly a cured product having a
linear organosiloxane block represented by the formula
—(R',Si0,,,),—, wherein R! is an unsubstituted or substi-
tuted monovalent hydrocarbon group having 1 to 30 carbon
atoms and n is a positive integer of from 5 to 5,000.
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Examples of R* include an alkyl group such as a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group, a hexyl group, a heptyl group, an octyl group, a decyl
group, an undecyl group, a dodecyl group, a tetradecyl group,
a pentadecyl group, a hexadecyl group, a heptadecyl group,
an octadecyl group, a nonadecyl group, an eicosyl group, a
henicosyl group, a docosyl group, a tricosyl group, a tetracyl
group, and a triacontyl group; an aryl group such as a phenyl
group, a tolyl group, and a naphthyl group; an aralkyl group
such as a benzyl group and a phenethyl group; an alkenyl
group such as a vinyl group and an allyl group; a cycloalkyl
group such as a cyclopentyl group, a cyclohexyl group, and a
cycloheptyl group; and those hydrocarbon groups wherein a
part or all of the hydrogen atoms bonded to a carbon atom of
these groups is substituted with a substituent as a halogen
atom such as a fluorine atom, a chlorine atom, a bromine atom
and an iodine atom and/or an amino group, an acryloyloxy
group, a methacryloyloxy group, an epoxy group, glycidoxy
group, a mercapto group and a carboxyl group.

The silicone rubber particle is obtained by curing a curable
liquid silicone composition, for instance, by a condensation
reaction of a compound having a methoxy silyl group
(=Si0OCH,;) and a compound having a hydroxy silyl group
(=Si0OH), a radical reaction of a compound having a mer-
captopropyl silyl group (=Si—C;HSH) and a compound
having a vinyl silyl group (=SiCH—CH,), or an addition
reaction of a compound having a vinyl silyl group
(=SiCH—CH,) and a compound having a hydrosilyl group
(=SiH). Among these reactions, the addition reaction is pref-
erable in view of reactivity.

In a case where the silicone rubber particle is prepared by
the addition reaction, a liquid silicone composition compris-
ing a combination of an organopolysiloxane having monova-
lent olefinic unsaturated groups and an organohydrogen pol-
ysiloxane may be subjected to an addition reaction in the
presence of a platinum group metal catalyst, wherein the
organopolysiloxane is represented by an average formula:
R*.R%, SiO 4> and having at least two monovalent ole-
finic unsaturated groups per molecule and the organohydro-
gen polysiloxane is represented by an average formula:
R4cHdSiO(4_c_ ay» and having at least three hydrogen atoms
each bonded to a silicone atom per molecule; or the organop-
olysiloxane is represented by an average formula: R R>,
SiO ,.4)» and having at least three monovalent olefinic
unsaturated groups per molecule and the organohydrogen
polysiloxane is represented by an average formula: R* H,
Si0 .~ and having at least two hydrogen atoms each
bonded to a silicon atom per molecule; wherein a ratio of the
organopolysiloxane having monovalent olefinic unsaturated
groups to the organohydrogen polysiloxane is such that the
number of the hydrosilyl group is 0.5 to 2, per the number of
the monovalent olefinic unsaturated group.

In the aforesaid formula, R? is an unsubstituted or substi-
tuted monovalent hydrocarbon group having 1 to 30 carbon
atoms but is not an aliphatic unsaturated group. R> is a
monovalent olefinic unsaturated group, for instance, an alk-
enyl group having 2 to 6 carbon atoms. “a” and “b” are
positive numbers satistying the equations, 0<a<3, 0<b<=3
and 0.1<=a+b<=3, preferably 0<a<=2.295, 0.005<=b<=2.3
and 0.5<=a+b<=2.3. R* is an unsubstituted or substituted
monovalent hydrocarbon group having 1 to 30 carbon atoms
but is not an aliphatic unsaturated group. “c” and “d” are
positive numbers satistying the equations, 0<c<3, 0<d<=3
and 0.1<=c+d<=3, preferably 0<c<=2.295, 0.005<=d<=2.3
and 0.5<=c+d<=23.

Examples of R? include an alkyl group such as a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
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group, a hexyl group, a heptyl group, an octyl group, a decyl
group, an undecyl group, a dodecyl group, a tetradecyl group,
a pentadecyl group, a hexadecyl group, a heptadecyl group,
an octadecyl group, a nonadecyl group, an eicosyl group, a
henicosyl group, a docosyl group, a tricosyl group, a tetracyl
group and a triacontyl group; an aryl group such as a phenyl
group, a tolyl group and a naphthyl group; an aralkyl group
such as a benzyl group and a phenethyl group; a cycloalkyl
group such as a cyclopentyl group, a cyclohexyl group and a
cycloheptyl group; and those hydrocarbon groups wherein a
part or all of the hydrogen atoms bonded to a carbon atom of
these groups is substituted with a substituent such as a halo-
gen atom such as a fluorine atom, a chlorine atom, a bromine
atom and an iodine atom and/or an amino group, an acryloy-
loxy group, a methacryloyloxy group, an epoxy group, a
glycidoxy group and a carboxyl group. Particularly, it is
industrially preferable that 50 mole % or more of R are a
methyl group.

Examples of R? include a vinyl group, an allyl group, a
propenyl group, a butenyl group, a pentenyl group and a
hexenyl group. Particularly, a vinyl group is industrially pref-
erable.

Examples of R* include the same groups as those described
above for R,

The organopolysiloxane and the organohydrogenpolysi-
loxane preferably have a viscosity at 25 degrees C. of 100,000
mm?/s or less, more preferably 10,000 mm?/s or less. If the
viscosity is higher than the aforesaid upper limit, it is difficult
to obtain a particle having a narrow molecular weight range in
the present method described below. The organopolysiloxane
and the organohydrogenpolysiloxane may be a linear, cyclic
or branched structure. Particularly, a linear structure is pref-
erable. The viscosity in the present invention is determined at
25 degrees C. with an Ostwald viscometer.

For preparing the present silicone rubber particle, it is
preferable, as mentioned above, that the liquid curable sili-
cone composition comprises a combination of an organopol-
ysiloxane having at least two monovalent olefinic unsaturated
groups per molecule and an organohydrogenpolysiloxane
having at least three hydrogen atoms each bonded to a silicon
atom per molecule, or a combination of an organopolysilox-
ane having at least three monovalent olefinic unsaturated
groups per molecule and an organohydrogenpolysiloxane
having at least two hydrogen atoms each bonded to a silicon
atom per molecule. If the combination of the polysiloxanes is
not as mentioned above, a cured rubber tends to be sticky.

The platinum group metal catalyst may be a well-known or
known catalyst for hydrosilylation. Examples of the catalyst
include an element of platinum group metals such as plati-
num, including platinum black, rhodium and palladium;
platinum chloride such as H,PtCl, kH,O, H,PtCl kH,O,
NaHPtCl,.kH,O0, KHPtCl, .kH,0, Na,PtCl; kH, 0,
K,PtCl, .kH,O, PtCl, kH,O, PtCl,, and Na,HPtCl,.kH,O,
wherein “k” is an integer of 0 to 6, preferably 0 or 6; a
chloroplatinic acid and a chloroplatinate; an alcohol-modi-
fied chloroplatinic acid (see U.S. Pat. No. 3,220,972); a com-
plex of chloroplatinic acid with an olefin (see U.S. Pat. No.
3,159,601, U.S. Pat. No. 3,159,662, and U.S. Pat. No. 3,775,
452); a platinum group metal, such as platinum black and
palladium, supported on a carrier such as alumina, silica and
carbon; a rhodium-olefin complex; chlorotris(triphenylphos-
phine) rhodium (Wilkinson catalyst); and a complex of plati-
num chloride, chloroplatinic acid or chloroplatinate with
siloxane having a vinyl group, in particular vinyl group-
containing cyclic siloxane.

The amount of the platinum group metal catalyst may be an
effective amount as a hydrosilylation catalyst. The amount of
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the catalyst is usually such that the amount of the platinum
group metal in the catalyst is about 0.1 to about 500 ppm by
mass, preferably about 0.5 to about 200 ppm by mass, more
preferably about 1 to about 100 ppm by mass, relative to a
total mass of the curable liquid silicone composition.

The silicone rubber particle may contain a silicone oil,
inorganic powder and organic powder.
Polyorganosilsesquioxane

In the present invention, the polyorganosilsesquioxane is
preferably particulate. The particle diameter is 10 to 400 nm,
preferably 50 to 200 nm. If the particle diameter is smaller
than the aforesaid lower limit, the light scattering effect of the
silicone composite particle tends to decrease. If the particle
diameter is larger than the aforesaid upper limit, soft feeling
of cosmetics and a light scattering effect of the silicone com-
posite particle tend to decrease. Further, if the particle diam-
eter is too large, there is a tendency that dents are not formed
on the surface of the particle. The particle diameter of the
polyorganosilsesquioxane should be smaller than that of the
aforesaid silicone rubber particle. The polyorganosilsesquio-
cane particles may attach to the surface of the silicone rubber
particle in a scattered state or in a dense state. Higher dense
state is preferable because many dents are easily formed. The
shape of the polyorganosilsesquioxane particles is not lim-
ited, but preferably almost spherical or hemispherical. The
diameter and shape of the polyorganosilsesquioxane particles
and density on the particle surface may be confirmed by
observing the silicone composite particle with an electron
microscope.

The amount of the polyorganosilsesquioxane adhered on
the surface of the silicone rubber particle is preferably 1 to 50
parts by mass, more preferably 2 to 25 parts by mass, per 100
parts by mass of the silicone rubber particles. If the amount is
smaller than the aforesaid lower limit, the light scattering
effect of the silicone composite particles and the non-sticky
feeling of cosmetics decrease and, further, there is a tendency
that dents are not formed on the surface of the silicone rubber
particle. If the amount is larger than the aforesaid upper limit,
a soft feeling of cosmetics decreases.

The polyorganosilsesquioxane is a resinous solid com-
posed of three-dimensionally crosslinked units represented
by, for instance, a formula, R’SiO,,,, to form a network,
wherein R’ is an unsubstituted or substituted monovalent
hydrocarbon group having 1 to 20 carbon atoms. Examples of
R? include an alkyl group such as a methyl group, an ethyl
group, a propyl group, a butyl group, a pentyl group, a hexyl
group, a heptyl group, an octyl group, a decyl group, a unde-
cyl group, a dodecyl group, a tetradecyl group, a pentadecyl
group, a hexadecyl group, a heptadecyl group, an octadecyl
group, a nonadecyl group and an eicosyl group; an alkenyl
group such as a vinyl group and an allyl group; an aryl group
such as a phenyl group, a tolyl group and a naphthyl group; an
aralkyl group such as a benzyl group and a phenethyl group;
a cycloalkyl group such as a cyclopentyl group, a cyclohexyl
group and a cycloheptyl group; and those hydrocarbon
groups wherein a part or all of the hydrogen atoms bonded to
a carbon atom of these groups is substituted with a substituent
such as a halogen atom such as a fluorine atom, a chlorine
atom, a bromine atom and an iodine atom and/or an amino
group, an acryloyloxy group, a methacryloyloxy group, an
epoxy group, a glycidoxy group, a mercapto group, and a
carboxyl group. For the polyorganosilsesquioxane to adhere
to the surface of the silicone rubber particle, 50 mole % or
more, more preferably 80 mole % or more, further preferably
90mole % or more, of R is preferably a methyl group, a vinyl
group or a phenyl group.
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The polyorganosilsesquioxane may contain, in addition to
R’Si0,,, unit, one or more units represented by R>,Si0, .,
R>,Si0, , or Si0,, ,, as long as non-aggregability and dispers-
ibility of the silicone composite particle and feeling such as
non-sticky, smooth and soft feeling of cosmetics are not lost.
In this polyorganosilsesquioxane, the amount of the R*SiO,,
unitis preferably 70 to 100 mole %, more preferably 80to 100
mole %, relative to the whole siloxane units.

[Preparation of a Silicone Composite Particle]

The present invention further provides a method for pre-
paring the afore-mentioned silicone composite particle. The
present method comprises astep (i): an organotrialkoxysilane
is subjected to hydrolysis and condensation reactions in the
presence of water, an alkaline substance and a silicone rubber
particle containing therein a liquid; and a step (ii): the liquid
is subsequently removed. Until the step of adhering polyor-
ganosilsesquioxane on the surface of the silicone rubber par-
ticle, i.e. the aforesaid step (i), the silicone composite particle
have no dent on its surface. In the step of removing the liquid,
i.e. the aforesaid step (ii), the silicone rubber particle shrinks
and, thereby, dents appear on the surface.

The present method will be described below in detail.

(0) Preparation of a Silicone Rubber Spherical Particle Con-
taining a Liquid

The silicone rubber spherical particle containing a liquid
may be prepared according to any conventional manners. For
instance, it can be prepared in a state of an aqueous dispersion
of the silicone rubber particle containing silicone oil. The
aqueous dispersion may be prepared, for instance, in a man-
ner where an intended liquid is dissolved in the aforesaid
curable liquid silicone composition, to which a surfactant and
water are added, emulsified to prepare an emulsion, subse-
quently a catalyst is added thereto and, then, a curing reaction
is conducted. The present method may comprise a step of
having a liquid contained to a silicone rubber particle, before
the aforesaid step (i).

The liquid to be contained in the silicone rubber particle
needs to be soluble in the curable liquid silicone composition
and to be unreactive with the curable liquid silicone compo-
sition. The liquid is not particularly limited as long as it meets
the aforesaid requirements. The liquid preferably has a boil-
ing point of 30 to 500 degrees C., more preferably 50 to 300
degrees C. When the boiling point is lower the aforesaid
upper limit, the liquid can be removed only by evaporation, so
that process steps are fewer and an amount of the liquid
remaining in the silicone composite particle is less.

Examples of the liquid to be contained in the silicone
rubber particle include aliphatic hydrocarbons such as pen-
tane, hexane, heptane, octane, nonane, decane, undecane,
dodecane, hexadecane, octadecane, cyclohexane; aromatic
hydrocarbons such as benzene, toluene, ethylbenzene and
xylene; alcohols such as butanol, hexanol, octanol, decanol,
cyclohexanol and benzylalcohol; halogenated hydrocarbons
such as chloroform, carbon tetrachloride, ethyl chloride and
chlorobenzene; esters such as ethyl acetate, isopropyl acetate,
ethyl acetoacetate, amil acetate, isobutyl isobytyrate and ben-
zyl acetate; ethers such as ethyl ether, butyl ether, tetrahydro-
furan and 1,4-dioxane; ketones such as acetone, methyl ethyl
ketone, cyclohexanone, diaceton alcohol, methyl amyl
ketone and diisobutyl ketone.

The liquid may be an organopolysiloxane. Such an organ-
opolysiloxane is represented by an average formula: R,
Si0y_py0- R® is an unsubstituted or substituted monovalent
hydrocarbon group having 1 to 30 carbon atoms and e is a
positive  number satisfying 1<=e<=3, preferably
0.5<=e<=2.3. Examples of R® include an alkyl group such as
amethyl group, an ethyl group, a propyl group, a butyl group,
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apentyl group, a hexyl group, a heptyl group, an octyl group,
adecyl group, a undecyl group, a dodecyl group, a tetradecyl
group, a pentadecyl group, a hexadecyl group, a heptadecyl
group, an octadecyl group, a nonadecyl group, an eicosyl
group, a henicosyl group, a docosyl group, a tricosyl group, a
tetracosyl group and a triacontyl group; an aryl group such as
aphenyl group, atolyl group, and a naphthyl group; an aralkyl
group such as a benzyl group and a phenethyl group; an
alkenyl group such as a vinyl group and an allyl group; a
cycloalkyl group such as a cyclopentyl group, a cyclohexyl
group and a cycloheptyl group; and those hydrocarbon
groups wherein a part or all of the hydrogen atoms bonded to
a carbon atom of these groups is substituted with a substituent
such as a halogen atom; fluorine atom, chlorine atom, bro-
mine atom, and iodine atom and/or an amino group, an acry-
loyloxy group, a methacryloyloxy group, an epoxy group, a
glycidoxy group, a mercapto group and a carboxyl group. Itis
industrially preferable that 50 mole % or more of R® are a
methyl group. This organopolysiloxane preferably has a vis-
cosity at 25 degrees C. of 100,000 mm?/s or less, more pref-
erably 10,000 mm?/s or less. If the viscosity is higher than the
aforesaid upper limit, it is difficult to prepare particles with a
narrow size distribution in the present method. The organop-
olysiloxane may be linear, cyclic or branched. The aforesaid
viscosity is determined at 25 degrees C. with an Ostwald
viscometer.

The liquid to be contained in the silicone rubber particle
may be one or a combination of two or more of the aforesaid
liquids. The amount of the liquid is preferably 5 to 80 parts by
mass, more preferably 10 to 70 parts by mass, per 100 parts by
mass of the curable liquid silicone composition containing a
liquid. That is, the amount of the liquid is preferably 5 to 80
parts by mass, more preferably 10 to 70 parts by mass, per 100
parts by mass of the silicone rubber particle containing the
liquid. If the amount of the liquid is smaller than the aforesaid
lower limit, no dent is formed on the surface of the silicone
rubber particle after removing the liquid. If the amount of the
liquid is larger than the aforesaid upper limit, the rubber
hardness of the silicone rubber particle is lower, and silicone
composite particles obtained have a higher tendency for
agglomeration, so that they are not easily dispersed into pri-
mary particles and, further, a non-sticky feeling of cosmetics
decreases.

The surfactant is used as an emulsifier in order to emulsify
the curable liquid silicone composition containing the afore-
mentioned liquid in water. The surfactant is not limited to any
particular one and may be a nonionic surfactant, an anionic
surfactant, a cationic surfactant and an amphoteric surfactant.

Examples of the nonionic surfactant include a polyoxyeth-
ylene alkyl ether, a polyoxyethylene polyoxypropylene alkyl
ether, a polyoxyethylene alkyl phenyl ether, a polyethylene
glycol fatty acid ester, a sorbitan fatty acid ester, a polyoxy-
ethylene sorbitan fatty acid ester, a polyoxyethylene sorbit
fatty acid ester, a glycerin fatty acid ester, a polyoxyethylene
glycerin fatty acid ester, a polyglycerin fatty acid ester, a
propylene glycol fatty acid ester, a polyoxyethylene castor
oil, a polyoxyethylene cured castor oil, a polyoxyethylene
cured castor oil fatty acid ester, a polyoxyethylene alkyl
amine, a polyoxyethylene fatty acid amide, an organopolysi-
loxane modified with polyoxyethylene, and an organopolysi-
loxane modified with polyoxyethylene polyoxypropylene.

Examples of the anionic surfactant include alkyl sulfate
ester salt, polyoxyethylene alkylether sulfate ester salt, poly-
oxyethylene alkylphenyl ether sulfate ester salt, sulfate ester
salt of aliphatic acid alkylol amide, alkyl benzene sulfur acid
salt, polyoxyethylene alkylphenyl ether sulfur acid salt,
alpha-olefin sulfur acid salt, alpha-sulfo aliphatic acid ester
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salt, alkylnaphthalene sulfur acid salt, alkyldiphenylether dis-
ulfur acid salt, alkane sulfur acid, N-acyl taurine acid salt,
dialkylsulfosuccinic acid salt, monoalkylsulfosuccinic acid
salt, polyoxyethylene alkyl ether sulfosuccinic acid salt, ali-
phatic acid salt, polyoxyethylene alkyl ether carboxylic acid
salt, N-acylamino acid salt, monoalkyl phosphoric acid ester
salt, dialkyl phosphoric acid ester salt and polyoxyethylene
alkylether phosphoric acid ester salt.

Examples of the cationic surfactant include an alkyl trim-
ethyl ammonium salt, a dialkyl dimethyl ammonium salt, a
polyoxyethylene alkyl dimethyl ammonium salt, a dipoly-
oxyethylene alkyl methyl ammonium salt, a tripolyoxyethyl-
ene alkyl ammonium salt, an alkyl benzyl dimethyl ammo-
nium salt, an alkyl pyridinium salt, a monoalkyl amine salt
and a monoalkylamide amine salt.

Examples of the amphoteric surfactant include an alkyl
dimethyl amine oxide, an alkyl dimethyl carboxybetaine, an
alkylamide propyl dimethyl carboxybetaine, an alkyl hydrox-
ysulfobetaine and an alkyl carboxymethyl hydroxyethyl imi-
dazolinium betaine.

These surfactants may be used singly or as a mixture of two
or more. In particular, a nonionic surfactant is preferable
because even a small amount of it can emulsify the aforesaid
liquid silicone composition into fine particles. The amount of
the surfactant is preferably 0.01 to 20 parts by mass, more
preferably 0.05 to 5 parts by mass, per 100 parts by mass of
the curable liquid silicone composition containing the afore-
said liquid. If the amount of the surfactant is too large, poly-
organosilsesquioxane may not adhere to the surface of the
silicone rubber particle in the present preparation method. If
the amount of the surfactant is less than the lower limit, it is
difficult to obtain a fine particle.

The emulsification may be conducted with a conventional
emulsification and dispersion apparatus. Examples of the
emulsification and dispersion apparatus include a high-speed
rotation and centrifugal emission type agitator such as a
homodisper; a high-speed rotation and shearing type agitator
such as a homomixer; a high-pressure injection-type emulsi-
fication disperser such as a homogenizer; a colloid mill; and
an ultrasonic emulsifier.

The silicone rubber particle containing a liquid can be
prepared by adding a catalyst to the emulsion obtained in the
afore-mentioned emulsification, followed by curing. The
catalyst may be the afore-mentioned platinum group metal
catalyst when the curable liquid silicone composition is of an
addition reaction type. When the dispersibility of the catalyst
in water is poor, it is preferable that the catalyst is dissolved in
a surfactant and added to the emulsion. The surfactant may be
those as described above. In particular, a nonionic surfactant
is preferable. The curing reaction may be conducted at room
temperature. If the reaction is not complete, the curing may be
conducted under heating at a temperature below 100 degrees
C.

The catalyst may be added in the curable liquid silicone
composition in advance. In this case, it is better to take into
consideration a reactivity of the curing liquid silicone com-
position and a reaction temperature and time so as not to cause
curing before finishing the step of the emulsification. Addi-
tionally, a reaction retardant may be added in the curing liquid
silicone composition.

According to the afore-mentioned method, an aqueous dis-
persion of a silicone rubber particle containing a liquid is
obtained. This aqueous dispersion as such may be use in the
subsequent step (1). If necessary, water may be further added
to the aqueous dispersion. The amount of silicone rubber
particles containing a liquid is preferably 1 to 150 parts by
mass, more preferably 5 to 70 parts by mass, per 100 parts by
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mass of water. If the amount is smaller than the lower limit,
the yield of the intended silicone composite particles tends to
be poor. If the amount is larger than the upper limit, the
polyorganosilsesquioxane resin may not adhere to the surface
of the silicone rubber particle and, also, aggregation and
agglomeration of the particles tend to occur.

Further, a surfactant or a water-soluble polymer may be
added to the aforesaid aqueous dispersion in order to control
an adhesion property of the polyorganosilsesquioxane to the
surface of the silicone rubber particle and a size of the com-
posite particle to be obtained.

The surfactant further added to the aqueous dispersion may
be the afore-mentioned surfactant, but is not limited to par-
ticular one. The surfactant may be same as or different from
the surfactant contained in the aqueous dispersion of the
silicone rubber particles. Two or more kinds of the surfactants
may be added.

The water-soluble polymer may be a nonionic water-
soluble polymer, an anionic water-soluble polymer, a cationic
water-soluble polymer and an amphoteric water-soluble
polymer, but is not limited to these. These aqueous polymers
may be used singly, or in combination of two or more of them.

Examples of the nonionic water-soluble polymer include a
copolymer of vinylalcohol and vinyl acetate, a polymer of
acrylamide, a polymer of vinyl pyrrolidone, a copolymer of
vinyl pyrrolidone and vinyl acetate, polyethyleneglycol, a
polymer of isopropylacrylamide, a polymer of methyl vinyl
ether, starch, methyl cellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, guar gum and xanthan gum.

Examples of the anionic water-soluble polymer include a
polymer of sodium acrylate, a copolymer of sodium acrylate
and sodium maleate, a copolymer of sodium acrylate and
acrylamide, a polymer of styrenesulfonic acid sodium, a
copolymer of polyisoprene sulfonic acid sodium and styrene,
a polymer of sodium naphthalenesulfonate, carboxymethyl-
starch, starch phosphate, carboxymethyl cellulose, sodium
alginate, gum arabic, carrageenan, sodium chondroitin sul-
fate and sodium hyaluronate.

Example of the cationic water-soluble polymer include a
polymer of dimethyl diallyl ammonium chloride, a polymer
of'vinyl imidazoline, a polymer of methyl vinyl imidazolium
chloride, a polymer of ethyl acrylate trimethyl ammonium
chloride, a polymer of ethyl methacrylate trimethyl ammo-
nium chloride, a polymer of (3-acrylamidopropyl)trimethy-
lammonium chloride, a polymer of (3-methacrylamidepro-
pyDtrimethylammonium  chloride, a copolymer of
epichlorohydrin and dimethylamine, a polymer of ethylene
imine, a quaternary compound of polyethylene imine, a poly-
mer of allylamine hydrochloride salt, polylysine, cationic
starch, cationic cellulose, chitosan, and these substances
copolymerized with a monomer containing a nonionic group
or an anionic group.

Examples of the amphoteric water-soluble polymer
include a copolymer of ethyl acrylate trimethyl ammonium
chloride, acrylic acid and acrylamide; a copolymer of ethyl
methacrylate trimethyl ammonium chloride, acrylic acid and
acrylamide; and Hofmann degradation product of a polymer
of acrylamide.

(1) Step of Having a Polyorganosilsesquioxane Adhered on
the Particle Surface

The present method comprises steps of subjecting organo-
trialkoxysilane to hydrolysis and subsequent condensation in
the presence of water, an alkaline substance and a silicone
rubber particle containing a liquid to thereby have a resultant
polyorganosilsesquioxane adhered on the surface of the sili-
cone rubber particles. The alkaline substance works as a
catalyst for hydrolysis and condensation reactions of the
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organotrialkoxysilane. The alkaline substance may be used
singly, or two or more of them. The alkaline substance may be
added as it is or as an aqueous alkaline solution. The alkaline
substance may be added before or after the organotrialkox-
ysilane is added to an aqueous dispersion of water and sili-
cone rubber particles containing a liquid.

The amount of the alkaline substance is such that a pH of
the aqueous dispersion of water and the silicone rubber par-
ticle containing a liquid is preferably in the range of 9.0 to
13.0, more preferably 9.5 to 12.5. When the pH is in the
aforesaid range, the hydrolysis and condensation reaction of
organotrialkoxy silane proceeds sufficiently to thereby have a
resultant polyorganosilsesquioxane adhered sufficiently to
the surface of the silicone rubber particle.

Any alkaline substance can be use, as long as it promotes
the hydrolysis and condensation reactions of organotrialkoxy
silane. Examples of the alkaline substance include alkaline
metal hydroxide such as potassium hydroxide, sodium
hydroxide, and lithium hydroxide; an alkaline earth metal
hydroxide such as calcium hydroxide and barium hydroxide;
an alkali metal carbonate such as potassium carbonate and
sodium carbonate; ammonia; a tetraalkyl ammonium hydrox-
ide such as tetramethyl ammonium hydroxide and tetraethyl
ammonium hydroxide; and an amine such as monomethyl
amine, monoethyl amine, monopropyl amine, monobutyl
amine, monopentyl amine, dimethyl amine, diethyl amine,
trimethyl amine, triethanol amine, and ethylene diamine.
Among them, ammonia is most preferable because it can be
easily removed from the obtained silicone rubber particle by
evaporation. A commercially available aqueous ammonium
solution may be used.

In the step (i) of the present method, organotrialkoxysilane
is subjected to a hydrolysis and condensation reactions in the
presence of water, an alkaline substance and a silicone rubber
particle containing therein a liquid, to thereby form a polyor-
ganosilsesquioxane. The resultant polyorganosilsesquioxane
is in a state where it adheres to the surface of the silicone
rubber particle.

An organotrialkoxysilane is represented, for example, by
the formula: R®Si(OR”),, wherein R® is as described above
and R” is an unsubstituted monovalent hydrocarbon group
having 1 to 6 carbon atoms. Examples of R” include a methyl
group, an ethyl group, a propyl group, a butyl group, a pentyl
group and a hexyl group. Among these, a methyl group is
preferable in view of reactivity. In a case where it is desired to
introduce one selected from the units represented by R>,
Si0,,,, R*,8i0, ,, and Si0,, into a polyorganosilsesquiox-
ane, at least one compound corresponding to the respective
unit and represented by R®,Si(OR”),, R>,SiOR” or Si(OR”),
may be added as a starting material (wherein, R and R® are as
defined above). In a case where R°Si(OR”), and at least one of
R>,Si(OR7),, R*;SiOR” and Si(OR”), are used as starting
materials for the polyorganosilsesquioxane, the content of
R’Si(OR”), is preferably 70 mole % or more, or more pref-
erably 80 mole % or more, relative to a total mole of these
starting materials. The upper limit may near to 100 mole %.

The amount of the organotrialkoxysilane is such that the
content of the polyorganosilsesquioxane is in the range of 1 to
50 parts by mass, preferably 2 to 25 parts by mass, per 100
parts by mass of the silicone rubber particle.

The step of adding the organotrialkoxysilane is conducted
preferably under stirring with a usual agitator such as propel-
ler blades and plate blades.

In a case where the organotrialkoxysilane is added after an
alkaline substance is added to an aqueous dispersion of water
and a silicone rubber particle containing a liquid, the organo-
trialkoxysilane may be added all at once, but preferably
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gradually over time. A temperature during this addition is
preferably in the range of 0 to 60 degrees C., more preferably
0 to 40 degree C., so that polyorganosilsesquioxane adheres
well to the surface of the silicone rubber particle containing a
liquid. The stirring is continued even after adding the orga-
notrialkoxysilane until the hydrolysis and condensation reac-
tions of the organotrialkoxysilane completes. In order to com-
plete the hydrolysis and condensation reactions, the reaction
may be carried out at room temperature or under heating at 40
to 100 degrees C. Further, if need, the alkaline substance is
properly replenished in the reaction mixture.

In the present method, the organotrialkoxysilane may be
added before adding an alkaline substance. In this case, it is
preferred to first add the organotrialkoxysilane to water. The
organotrialkoxysilane may be added to water all at once, or
gradually over time. Alternatively, water may be added to the
organotrialkoxysilane, or water and the organotrialkoxysi-
lane may be put in a vessel at the same time and mixed. A
temperature at which the organotrialkoxysilane is added to
water is not limited particularly, and may be, for instance, in
the range of from 0 to 100 degrees C. Stirring is continued
until at least the organotrialkoxysilane dissolves in water. A
small amount of acid may be added in order to promote the
hydrolysis reaction.

A silicone rubber particle containing a liquid is added to the
solution obtained in the afore-mentioned step and, then, an
alkaline substance is added thereto. Then, a condensation
reaction of the hydrolysate of the organotrialkoxysilane
progresses to thereby form a polyorganosilsesquioxane. The
stirring is stopped or made very slow before polyorganosils-
esquioxane is produced. If the reaction mixture is flowing at
a high speed at the time when polyorganosilsesquioxane is
being formed, the polyorganosilsesquioxane does not adhere
well to the surface of the silicone rubber particle containing a
liquid. A condensation reaction temperature is preferably O to
60 degrees C., more preferably 0 to 40 degrees C. When the
temperature is in the aforesaid range, the polyorganosilses-
quioxane adheres well to the surface of the silicone rubber
particle containing a liquid. The reaction solution is prefer-
ably left standing or stirred at a very slow speed until polyor-
ganosilsesquioxane is produced, and adheres to the surface of
the silicone rubber particle. The time of standing is preferably
10 minutes to 24 hours. After that, an alkaline substance may
be added thereto, the reaction mixture may be heated at 40 to
100 degrees C. or usual stirring is further conducted, in order
to complete the condensation.

(ii) Step of Removing the Liquid

The present method contains a step of removing the liquid
contained in the silicone rubber particle and water by evapo-
ration after polyorganosilsesquioxane adheres to the surface
of'the silicone rubber particle contained a liquid. In this step,
the silicone rubber particle shrinks to form dents on its sur-
face.

The step of removing the liquid contained in the silicone
rubber particle may be conducted according to any conven-
tional manner. In a case where the liquid has a high boiling
point so that it cannot be removed by volatilization, or where
the evaporation conducts at a low temperature, the silicone
rubber particle is first washed with a solvent having a low
boiling point. The solvent is not limited to any particular one
and may be such having a low boiling point among the sol-
vents described above for aliquid to be contained in a silicone
rubber particle. One solvent or a mixture of two or more may
be used. Before washing, the dispersion may be concentrated
by, for instance, thermal dehydration, separation by filtration,
centrifugalization or decantation. The dispersion may be
dehydrated by heating and, then crushed into powder. Then, a
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solvent is added to the dispersion, concentrate or powder, and
stirred with a usual agitator having propeller blades or flat-
plate blades and, then, a solid and a liquid are separated by, for
instance, filtration, centrifugalization or decantation. By
repeating this step, the liquid contained in the silicone rubber
particle is replaced with the solvent having a low boiling
point.

The liquid contained in the silicone rubber particle or the
solvent exchanged with the liquid in the step of washing, and
water may be removed by heating under normal pressure or
reduced pressure such as heating the dispersion left standing,
heating the dispersion being stirred to flow, spraying the
dispersion in hot air stream in a spray dryer to disperse, or
using a fluid heating medium. As a pre-treatment before the
afore-mentioned step, the dispersion may be concentrated as
described above or, if necessary, the dispersion may be
washed with water or water-soluble alcohol.

If the silicone composite particles obtained after evaporat-
ing and removing the liquid and water is in an agglomerated
state, the agglomerate may be crushed by a crusher such as a
jet mill, a ball mill and a hammer mill.

EXAMPLES

The present invention will be explained below in further
detail with reference to a series of the Examples and the
Comparative Examples, though the present invention is in no
way limited by these Examples. In the following descriptions,
aviscosity is a dynamic viscosity determined at 25 degrees C.
with an Ostwald viscometer, and percentage, “%”, in a con-
centration and a content, is by mass.

Example 1

Preparation of an Aqueous Dispersion of a Silicone
Rubber Particle Containing Therein
Dimethylpolysiloxane

In a one-liter glass beaker, put were 264 g of a methyl vinyl
polysiloxane which is represented by the following formula

(D):

M

CH; CHs CH;

H,C=CH—Si0—tSiO5z—Si—CH=CH,

CH; CH; CH;

and has a dynamic viscosity of 600 mm?/s; 11 g of a methyl
hydrogen polysiloxane which is represented by the following
formula (2):

@

CH; CH; i1 CH;

|
H—TiO—(—TiO-)T(-TiO-)S—TiH

CH; CHs CH; CH;

and has a dynamic viscosity of 30 mm?®/s, wherein this
amount of the methyl hydrogen polysiloxane gives the num-
ber of the hydrosilyl groups of 1.18, per olefinic unsaturated
group of the methyl vinyl polysiloxane;

and 225 g of a dimethylpolysiloxane which is represented by
the following formula (3):
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(©)]
CH;

CH;—SiO—£Si0—Si—CH;

CH; CH;

CH; CH; CH;

and has a dynamic viscosity of 2 mm?/s and a boiling point of
230 degrees C., wherein this amount of the dimethylpolysi-
loxane gives 45 parts by mass of the dimethylpolysiloxane,
per 100 parts by mass of the silicone rubber particle contain-
ing the dimethylpolysiloxane, and stirred with a homomixer
at 2,000 rpm to be dissolved each other. Subsequently, 0.8 g of
polyoxyethylene lauryl ether having 9 units derived from
ethylene oxide, and 100 g of water were added thereto and,
then, stirred with a homomixer at 8,000 rpm, whereby an
oil-in-water state was obtained and thickening was observed.
Then, the stirring was continued for further 15 minutes. Sub-
sequently, 398 g of water was added thereto with stirring at
2,000 rpm to obtain a homogenous white emulsion. This
emulsion was taken in a one-liter glass flask equipped with a
stirrer having anchor type stirring blades, the temperature
thereof was adjusted to 20-25 degrees C., to which then,
added with stirring was a solution consisting of 0.5 g of a
solution of chloroplatinic acid-olefin complex in toluene,
containing 0.5 mass % of platinum, and 1 g of polyoxyethyl-
ene lauryl ether having 9 units derived from ethylene oxide.
The resulting mixture was stirred for 12 hours at the same
temperature to obtain an aqueous dispersion of silicone rub-
ber particles containing therein the dimethylpolysiloxane.

The shape of the silicone rubber particles containing
therein the dimethylpolysiloxane in the aqueous dispersion
thus obtained was spherical under observation with an optical
microscope and the volume-average particle diameter thereof
was 12 pum, as determined with a particle size distribution
measurement instrument using an electric resistance method,
Multisizer 3, manufactured by Beckman Coulter, Inc.

Hardness of the silicone rubber particle was determined
according to the following method.

The methyl vinyl polysiloxane represented by the afore-
mentioned formula (1), the methyl hydrogen polysiloxane
represented by the afore-mentioned formula (2), the dimeth-
ylpolysiloxane represented by the afore-mentioned formula
(3) and the solution of chloroplatinic acid-olefin complex in
toluene, containing 0.5 mass % of platinum, were mixed in
the afore-mentioned ratio, poured into an aluminum petri dish
up to adepth of 10 mm and allowed to stand at 25 degrees C.
for 24 hours. Then, the mixture was heated in a thermostat at
50 degrees C. for one hour to obtain a silicone rubber con-
taining the dimethylpolysiloxane. The silicone rubber thus
obtained was removed from the aluminum petri dish and
dried in a vaccum dryer at 3x10~> Pa and 100 degrees C. to
remove the dimethylpolysiloxane from the silicone rubber to
obtain a non-sticky silicone rubber.

Hardness of the silicone rubber was 15, as determined with
a durometer A hardness meter.

Preparation of a Silicone Composite Particle

In a two-liter glass flask equipped with a stirrer having
anchor type stirring blades, transferred was 300 g of the
aqueous dispersion of the silicone rubber particles containing
the dimethylpolysiloxane obtained in the afore-mentioned
procedures, to which then added were 661 g of water, 19 g of
an aqueous 28% ammonium solution and 1 g of an aqueous
40% solution of a dimethy] diallyl ammonium chloride poly-
mer, trade name: ME Polymer H40W, manufactured by Toho
Chemical Industry Co., Ltd. At this point of time, a pH of the
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resulting mixture was 11.8. The temperature of the resulting
mixture was adjusted to 5-10 degrees C. and, then, 19 g of
methyltrimethoxysilane was gradually added over 20 min-
utes, wherein this amount would give 11.3 parts by mass of a
polymethylsilsesquioxane after the hydrolysis and condensa-
tion reactions, per 100 parts by mass of the silicone rubber
particles. Then, the stirring was continued for further one
hour while maintaining the solution temperature at 5-10
degrees C. Subsequently, the mixture was heated to 55-60
degrees C. and stirred for further one hour while maintaining
at this temperature to complete the hydrolysis and condensa-
tion reactions of methyltrimethoxysilane.

The aqueous dispersion thus obtained was dehydrated with
a press filter to have a water content of approximately 30%.
This was transferred to a two-liter glass flask equipped with a
stirrer having anchor type stirring blades, 1000 g of water was
added thereto, stirred for 30 minutes and, then, dehydration
was conducted with a press filter. This was transferred again
to a two-liter glass flask equipped with a stirrer having anchor
type stirring blades, 1000 g of water was added thereto, stirred
for 30 minutes and, then, dehydration was conducted with a
press filter. The resultant dehydrated matter was dried in a
vacuum dryer at 3x10~> Pa and 100 degrees C. to remove the
dimethylpolysiloxane contained in the silicone rubber par-
ticles and water. The dried matter thus obtained was crushed
with a jet mill to obtain fluid silicone composite particles.

The silicone composite particles thus obtained were dis-
persed in water with a surfactant. The volume-average par-
ticle diameter was 11 pum, as determined with a particle size
distribution measurement instrument using an electric resis-
tance method, Multisizer 3, manufactured by Beckman
Coulter, Inc. Further, it was confirmed under observation with
an electron microscope that the silicone rubber particles had
plural polyhedral dents on their surfaces. It was further con-
firmed that particulate polymethylsilsesquioxane having a
diameter of about 100 nm adhered on the surface of the
silicone particles. FIG. 1 is an electron microscope image of
the surface of this silicone composite particle.

Example 2

Preparation of an Aqueous Dispersion of Silicone
Rubber Particles Containing Isododecane

In a one-liter glass beaker, put were 172 g of a methyl vinyl
polysiloxane which is represented by the afore-mentioned
formula (1) and has a dynamic viscosity of 600 mm?/s; 7 g of
a methyl hydrogen polysiloxane which is represented by the
afore-mentioned formula (2) and has a dynamic viscosity of
30 mm?/s, wherein this amount of the methyl hydrogen pol-
ysiloxane gives the number of the hydrosilyl groups of 1.15,
per olefinic unsaturated group of the methyl vinyl polysilox-
ane; and 341 g of isododecane, wherein the amount of the
isododecane gives 66 parts by mass of the isododecane, per
100 parts by mass of the silicone rubber particles containing
the isododecane, and stirred with a homomixer at 2,000 rpm
to be dissolved each other. Subsequently, 2 g of polyoxyeth-
ylene lauryl ether having 9 units derived from ethylene oxide,
and 40 g of water were added thereto and, then, stirred with a
homomixer at 8,000 rpm, whereby an oil-in-water state was
obtained and thickening was observed. The stirring was con-
tinued for further 15 minutes. Subsequently, 437 g of water
was added thereto with stirring at 2,000 rpm to obtain a
homogenous white emulsion. This emulsion was taken in a
one-liter glass flask equipped with a stirrer having anchor
type stirring blades, the temperature thereof was adjusted to
20-25 degrees C., to which then added with stirring was a
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solution consisting of 0.3 g of a solution of chloroplatinic
acid-olefin complex in toluene, containing 0.5 mass % of
platinum, and 0.5 g of polyoxyethylene lauryl ether having 9
units derived from ethylene oxide. The resulting mixture was
stirred for 12 hours at the same temperature to obtain an
aqueous dispersion of silicone rubber particles containing
isododecane.

The shape of the silicone rubber particles containing isod-
odecane in the aqueous dispersion thus obtained was spheri-
cal under observation with an optical microscope and the
volume-average particle diameter thereof was 5 um, as deter-
mined with a particle size distribution measurement instru-
ment using an electric resistance method, Multisizer 3, manu-
factured by Beckman Coulter, Inc.

Hardness of the silicone rubber particle was determined
according to the following method.

The methyl vinyl polysiloxane represented by the afore-
mentioned formula (1), the methyl hydrogen polysiloxane
represented by the afore-mentioned formula (2), isododecane
and the solution of chloroplatinic acid-olefin complex in tolu-
ene, containing 0.5 mass % of platinum, were mixed in the
afore-mentioned ratio, poured into an aluminum petri dish up
to a depth of 10 mm and allowed to stand at 25 degrees C. for
24 hours. Then, the mixture was heated in a thermostat at 50
degrees C. for one hour to obtain a silicone rubber containing
isododecane. The silicone rubber thus obtained was removed
from the aluminum petri dish and dried in a vacuum dryer at
3x1073 Pa and 100 degrees C. to remove isododecane from
the silicone rubber to obtain a non-sticky silicone rubber.

Hardness of the silicone rubber was 11, as determined with
a durometer A hardness meter.

Preparation of a Silicone Composite Particle

In a two-liter glass flask equipped with a stirrer having
anchor type stirring blades, transferred was 288 g of the
aqueous dispersion of the silicone rubber particles containing
isododecane obtained in the afore-mentioned procedures, to
which then added were 673 g of water, 19 g of an aqueous
28% ammonium solution and 1 g of an aqueous 40% solution
of a dimethyl diallyl ammonium chloride polymer, trade
name: ME Polymer H40W, manufactured by Toho Chemical
Industry Co., Ltd. At this point of time, a pH of the resulting
mixture was 11.8. The temperature of the resulting mixture
was adjusted to 5-10 degrees C. and, then, 19 g of methyltri-
methoxysilane was gradually added over 20 minutes, wherein
this amount would give 18.2 parts by mass of a polymethyl-
silsesquioxane after hydrolysis and condensation reactions,
per 100 parts by mass of the silicone rubber particles. Then,
the stirring was continued for further one hour while main-
taining the mixture temperature at 5-10 degrees C. Subse-
quently, the mixture was heated to 55-60 degrees C. and
stirred for further one hour while maintaining this tempera-
ture, to complete the hydrolysis and condensation reactions of
methyltrimethoxysilane.

The aqueous dispersion thus obtained was dehydrated with
a press filter to have a water content of approximately 30%.
This was transferred to a two-liter glass flask equipped with a
stirrer having anchor type stirring blades, 1000 g of water was
added thereto, stirred for 30 minutes and, then, dehydrated
with a press filter. This was transferred again to a two-liter
glass flask equipped with a stirrer having anchor type stirring
blades, 1000 g of water was added thereto, stirred for 30
minutes and, then, dehydrated with a press filter. The resultant
dehydrated matter was dried in a vacuum dryer at 3x10~> Pa
and 100 degrees C. to remove isododecane remaining in the
silicone rubber particles and water. The dried matter thus
obtained was crushed with a jet mill to obtain fluid silicone
composite particles.
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The silicone composite particles thus obtained were dis-
persed in water with a surfactant. The volume-average par-
ticle diameter was 3 pm, as determined with a particle size
distribution measurement instrument using an electric resis-
tance method, Multisizer 3, manufactured by Beckman
Coulter, Inc. Further, it was confirmed under observation with
an electron microscope that the silicone rubber particles had
about 4 to 10 tetrahedral or pentahedral dents on the surface of
each particle. It was further confirmed that particulate poly-
methylsilsesquioxane having a diameter of about 80 nm
adhered on the surfaces. FIG. 2 is an electron microscope
image of the surface of this silicone composite particle.

Comparative Example 1

Preparation of an Aqueous Dispersion of Silicone
Rubber Particles Containing No Liquid

In a one-liter glass beaker, put were 442 g of a methyl vinyl
polysiloxane which is represented by the afore-mentioned
formula (1) and has a dynamic viscosity of 600 mm?/s and 58
g of a methyl hydrogen polysiloxane which is represented by
the following formula (4):

)
CH;

CHg—TiO—(—TiO-)T(—TiO-)TTi—CHg

CH;

CH; a1 CH;

CH; CH; CH;

and has a dynamic viscosity of 28 mm?/s, wherein the amount
of methyl hydrogen polysiloxane gives the number of the
hydrosilyl groups of 1.14, per olefinic unsaturated group of
the methyl vinyl polysiloxane, and stirred with a homomixer
at 2,000 rpm to be dissolved each other. Subsequently, 0.8 gof
polyoxyethylene lauryl ether having 9 units derived from
ethylene oxide and 100 g of water were added thereto and,
then, stirred with a homomixer at 8,000 rpm, whereby an
oil-in-water state was obtained and thickening was observed.
Then, the stirring was continued for further 15 minutes. Sub-
sequently, 398 g of water was added thereto with stirring at
2,000 rpm to obtain a homogenous white emulsion. This
emulsion was taken in a one-liter glass flask equipped with a
stirrer having anchor type stirring blades, and the temperature
thereof was adjusted to 20-25 degrees C., to which, then,
added with stirring was a solution consisting of 0.8 g of a
solution of chloroplatinic acid-olefin complex in toluene,
containing 0.5 mass % of platinum, and 1 g of polyoxyethyl-
ene lauryl ether having 9 units derived from ethylene oxide.
The resulting mixture was stirred for 12 hours at the same
temperature to obtain an aqueous dispersion of silicone rub-
ber particles which did not contain any liquid.

The shape of the silicone rubber particles in the aqueous
dispersion thus obtained was spherical under observation
with an optical microscope and the volume-average particle
diameter thereof was 13 pum, as determined with a particle
size distribution measurement instrument using an electric
resistance method, Multisizer 3, manufactured by Beckman
Coulter, Inc.

Hardness of the silicone rubber particle was determined
according to the following method.

The methyl vinyl polysiloxane represented by the afore-
mentioned formula (1), the methyl hydrogen polysiloxane
represented by the afore-mentioned formula (4) and a solu-
tion of chloroplatinic acid-olefin complex in toluene, contain-
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ing 0.5 mass % of platinum, were mixed in the afore-men-
tioned ratio, poured into an aluminum petri dish up to a depth
of' 10 mm and allowed to stand at 25 degrees C. for 24 hours.
Then, the mixture was heated in a thermostat at 50 degrees C.
for one hour to obtain a non-sticky silicone rubber. Hardness
of'the silicone rubber was 13, as determined with a durometer
A hardness meter.

Preparation of a Silicone Composite Particle

In a two-liter glass flask equipped with a stirrer having
anchor type stirring blades, transferred was 300 g of the
aqueous dispersion of the silicone rubber particles obtained in
the afore-mentioned procedures, to which then added were
661 g of water and 19 g of an aqueous 28% ammonium
solution. At this point of time, a pH of the resulting mixture
was 11.8. The temperature of the resulting mixture was
adjusted to 5-10 degrees C. and, then, 20 g of methyltri-
methoxysilane was gradually added over 20 minutes, wherein
this amount was would give 6.6 parts by mass of a polymeth-
ylsilsesquioxane after the hydrolysis and condensation reac-
tions, per 100 parts by mass of the silicone rubber mixture.
Then, the stirring was continued for further one hour while
maintaining the mixture temperature at 5-10 degrees C. Sub-
sequently, the mixture was heated to 55-60 degrees C. and
stirred for further one hour while maintaining this tempera-
ture, to complete the hydrolysis and condensation reactions of
methyltrimethoxysilane.

The aqueous dispersion thus obtained was dehydrated with
a press filter to a water content of approximately 30%. This
was transferred to a two-liter glass flask equipped with a
stirrer having anchor type stirring blades, 1000 g of water was
added thereto, stirred for 30 minutes and, then, dehydrated
was conducted with a press filter. This was transferred again
to a two-liter glass flask equipped with a stirrer having anchor
type stirring blades, 1000 g of water was added thereto, stirred
for 30 minutes and, then, dehydrated with a press filter. The
resultant dehydrated matter was dried in a vaccum dryer at
105 degrees C. to remove water. The dried matter thus
obtained was crushed with a jet mill to obtain fluid silicone
composite particles.

The silicone composite particles thus obtained were dis-
persed in water with a surfactant. The volume-average par-
ticle diameter was 13 um, as determined with a particle size
distribution measurement instrument using an electric resis-
tance method, Multisizer 3, manufactured by Beckman
Coulter, Inc. Further, it was confirmed under observation with
an electron microscope that the surface of the silicone rubber
particles was covered with particulate polymethylsilsesqui-
oxane having a diameter of about 100 nm, but had no dent.
FIG. 3 is an electron microscope image of the surface of this
silicone composite particle.

Comparative Example 2

The aqueous dispersion of the silicone rubber particles
obtained in Example 1, which contained dimethylpolysilox-
ane, was dried with a spray dryer to remove water and obtain
powder. The resultant powder was dried in a vacuum dryer at
3x1073 Pa and 100 degrees C. to remove dimethylpolysilox-
ane from the silicone rubber particles to obtain silicone rub-
ber particles. It was confirmed under observation with an
electron microscope that the silicone rubber particles were
spherical particles having no dent.
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Comparative Example 3

Preparation of an Aqueous Dispersion of a Silicone
Rubber Particle Containing Dimethylpolysiloxane
and Having High Hardness

In a one-liter glass beaker, put were 360 g of a methyl vinyl
polysiloxane which is represented by the following formula

%):

®

CH; CH; CH;

H,C=CH—Si0—£ Si045—Si—CH=CH,

CH; CH; CH;

and has a dynamic viscosity of 100 mm?'s; 40 g of a methyl
hydrogen polysiloxane which is represented by the afore-
mentioned formula (2) and has a dynamic viscosity of 30
mm?/s, wherein the amount of the methyl hydrogen polysi-
loxane gives the number of the hydrosilyl groups of 1.16, per
olefinic unsaturated group of the methyl vinyl polysiloxane;
and 100 g of a dimethylpolysiloxane which is represented by
the afore-mentioned formula (3) and has a dynamic viscosity
of 2 mm?/s and a boiling point of 230 degrees C., wherein this
amount of the dimethylpolysiloxane gives 20 parts by mass of
the dimethylpolysiloxane, per 100 parts by mass of silicone
rubber particles containing the dimethylpolysiloxane, and
stirred with a homomixer at 2,000 rpm to be dissolved each
other. Subsequently, 0.8 g of polyoxyethylene lauryl ether
having 9 units derived from ethylene oxide and 100 g of water
were added thereto and, then, stirred with a homomixer at
8,000 rpm, whereby an oil-in-water state was obtained and
thickening was observed. Then, the stirring was continued for
further 15 minutes. Subsequently, 398 g of water was added
thereto with stirring at 2,000 rpm to obtain a homogenous
white emulsion. This emulsion was taken in a one-liter glass
flask equipped with a stirrer having anchor type stirring
blades, and the temperature thereof was adjusted to 20-25
degrees C., to which then, added with stirring was a solution
consisting 0o 0.8 g of a solution of chloroplatinic acid-olefin
complex in toluene, containing 0.5 mass % of platinum, and
1 g of polyoxyethylene lauryl ether having 9 units derived
from of ethylene oxide. The resulting mixture was stirred for
12 hours at the same temperature to obtain an aqueous dis-
persion of silicone rubber particles containing dimethylpol-
ysiloxane.

The shape of the silicone rubber particles in the aqueous
dispersion thus obtained was spherical under observation
with an optical microscope and the volume-average particle
diameter thereof was 13 pum, as determined with a particle
size distribution measurement instrument using an electric
resistance method, Multisizer 3, manufactured by Beckman
Coulter, Inc.

Hardness of the silicone rubber particle was determined
according to the following method.

The methyl vinyl polysiloxane represented by the afore-
mentioned formula (5), the methyl hydrogen polysiloxane
represented by the afore-mentioned formula (2), the dimeth-
ylpolysiloxane represented by the afore-mentioned formula
(3) and a solution of chloroplatinic acid-olefin complex in
toluene, containing 0.5 mass % of platinum, were mixed in
the afore-mentioned ratio, poured into an aluminum petri dish
up to adepth of 10 mm and allowed to stand at 25 degrees C.
for 24 hours. Then, the mixture was heated in a thermostat at
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50 degrees C. for one hour to obtain a silicone rubber con-
taining the dimethylpolysiloxane. The silicone rubber con-
taining the dimethylpolysiloxane thus obtained was removed
from the aluminum petri dish and dried in a vacuum dryer at
3x1073 Paand 100 degrees C. to remove the dimethylpolysi-
loxane from the silicone rubber and obtain non-sticky sili-
cone rubber.

Hardness of the silicone rubber was 38, as determined with
a durometer A hardness meter.

Preparation of a Silicone Composite Particle

In a two-liter glass flask equipped with a stirrer having
anchor type stirring blades, transferred was 300 g of the
aqueous dispersion of the silicone rubber particles containing
the dimethylpolysiloxane obtained in the afore-mentioned
procedures, to which then added were 661 g of water, 19 g of
an aqueous 28% ammonium solution, and 1 g of an aqueous
40% solution of dimethyl diallyl ammonium chloride poly-
mer, trade name: ME Polymer H40W, manufactured by Toho
Chemical Industry Co., Ltd. At this point of time, a pH of the
resulting mixture was 11.8. The temperature of the resulting
mixture was adjusted to 5-10 degrees C. and, then, 19 g of
methyltrimethoxysilane was gradually added over 20 min-
utes, wherein this amount would give 7.8 parts by mass of the
polymethylsilsesquioxane after the hydrolysis and condensa-
tion reactions, per 100 parts by mass of the silicone rubber
particle. Then, the stirring was continued for further one hour
while maintaining the mixture temperature at 5-10 degrees C.
Subsequently, the mixture was heated to 55-60 degrees C. and
stirred for further one hour while maintaining this tempera-
ture, to complete the hydrolysis and condensation reactions of
methyltrimethoxysilane.

The aqueous dispersion thus obtained was dehydrated with
a press filter to a water content of approximately 30%. This
was transferred to a two-liter glass flask equipped with a
stirrer having anchor type stirring blades, 1000 g of water was
added thereto, stirred for 30 minutes and, then, dehydrated
with a press filter. This was transferred again to a two-liter
glass flask equipped with a stirrer having anchor type stirring
blades, 1000 g of water was added thereto, stirred for 30
minutes and, then, dehydrated with a press filter. The resultant
dehydrated matter was dried in a vacoum dryer at 3x10~> Pa
and 100 degrees C. to remove the dimethylpolysiloxane
remaining in the silicone rubber particles and water. The dried
matter thus obtained was crushed with a jet mill to obtain fluid
silicone composite particles.

The silicone composite particles thus obtained were dis-
persed in water with a surfactant. The volume-average par-
ticle diameter was 12 um, as determined with a particle size
distribution measurement instrument using an electric resis-
tance method, Multisizer 3, manufactured by Beckman
Coulter, Inc. Further, it was confirmed under observation with
an electron microscope that the surface of the silicone rubber
particles was covered with particulate polymethylsilsesqui-
oxane having a diameter of about 80 nm and that the silicone
composite particles were spherical with no dent.

INDUSTRIAL APPLICABILITY

The present silicone composite particle is expected to pro-
vide a higher light scattering effect and, therefore, is expected
to be useful for cosmetics.

The invention claimed is:

1. A method for preparing a silicone composite particle
composed of a silicone rubber particle and a polyorganosils-
esquioxane, wherein the silicone rubber particle has plural
dents on its surface and said polyorganosilsesquioxane
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adheres to the surface of the silicone rubber particle, wherein
the method comprises steps of

providing a silicone rubber particle containing therein a

liquid which is one or more selected from aliphatic
hydrocarbons, aromatic hydrocarbons, alcohols, halo-
genated hydrocarbons, esters, ethers, ketones, and orga-
nopolysiloxanes;

subjecting organotrialkoxysilane to hydrolysis and con-

densation reactions in the presence of water, an alkaline
substance, and the silicone rubber particle containing
therein said liquid to produce polyorganosilsesquioxane
on the surface of the silicone rubber particle, to thereby
have a resultant polyorganosilsesquioxane adhered to
the surface of the silicone rubber particle; and
subsequently removing said liquid and water.

2. The method according to claim 1, wherein said liquid is
dissolved in a curable liquid silicone composition to form a
solution, adding a surfactant and water to the obtained solu-
tion, emulsifying them, and curing the curable liquid silicone
composition in the presence of a catalyst to thereby have said
liquid contained in a resultant silicone rubber particle.

3. The method according to claim 1, wherein an amount of
the liquid is 5 to 80 parts by mass, per 100 parts by mass of the
silicone rubber particle containing therein the liquid.
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